Brains have to decide whether and how to respond to detected stimuli based on complex sensory input. The vinegar fly Drosophila melanogaster evaluates food sources based on olfactory cues. Here, we performed a behavioral screen using the vinegar fly and established the innate valence of 110 odorants. Our analysis of neuronal activation patterns evoked by attractive and aversive odorants suggests that even though the identity of odorants is coded by the set of activated receptors, the main representation of odorant valence is formed at the output level of the antennal lobe. The topographic clustering within the antennal lobe of valence-specific output neurons resembles a corresponding domain in the olfactory bulb of mice. The basal anatomical structure of the olfactory circuit between insects and vertebrates is known to be similar; our study suggests that the representation of odorant valence is as well. The vertebrate CNS is arranged into exquisitely organized strata from a diverse collection of neuronal types. Long-term imaging of whole zebrafish retina during early stages of development can delineate the processes by which organized layers appear from RPCs that migrate and differentiate stochastically. We use light-sheet microscopy to image the developing zebrafish retina at a high temporal resolution and produce reliable tracks of nuclear movements and division. We have created tracks of early retinogenesis (24-31 hpf) for many tightly packed nuclei using automated tracking software and manual curation. Furthermore, we have begun analyzing the kinetic behavior of these nuclei (average and instantaneous velocity, apico-basal vs lateral displacement, etc.) to understand the contribution of each nucleus to the collective migration dynamics within the retina. By extending these tracks to the later stages of retinogenesis (72 hpf), we aim to reveal any possible connections between these early dynamics and RPC decision making processes giving rise to variable clone sizes and compositions. Previous investigations from our lab documented a role for LRP2 as auxiliary SHH receptor acting in a context-dependent manner as activator or inhibitor of morphogen signaling during embryonic development. In the rostral diencephalon ventral midline, the region responsible for forebrain formation, loss of LRP2 impairs SHHdependent patterning and causes holoprosencephaly. In contrast, receptor deficiency in the retina increases sensitivity of the retinal margin for SHH signals, inducing aberrant expansion of retinal progenitor cells and hyperproliferation of this tissue.
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Interestingly LRP2 expression persists in adult brain on the apical surface of ependymal cells lining the lateral ventricles, a region in close proximity to the neurogenic niche in the subventricular zone (SVZ). Because SHH is required for adult neurogenesis in the SVZ, we investigated a role for LRP2 as SHH binding protein in this process as well.
To that end, we show that loss of LRP2 from the ependyma of mouse brain leads to a significant reduction of the proliferative capacity in the SVZ. Consistent with impaired neurogenesis in the SVZ, numbers of newborn neuroblasts reaching the olfactory bulb are significantly reduced. Impaired neurogenesis in LRP2-deficient brain is due to a more than 50% decrease in the neuronal stem cell (B cell) population as documented by staining for markers GFAP and SOX2. Reduced numbers and decreased proliferative capacity of B cells in LRP2-deficient mice coincide with decreased SHH signaling in the neurogenic niche of the SVZ as documented by ISH for down stream targets and by the use of SHH reporter strains. Reduced SHH signaling in mutant mice coincides with increased BMP4 activity, a pathway that is negatively regulated by SHH in the SVZ.
Our findings document a role for LRP2 in control of adult neurogenesis in the SVZ, which likely involves balancing morphogen signals provided by SHH and BMP4. The detection of noxious or damaging stimuli (nociception) is an ancient process that alerts living organisms to environmental dangers. Harmful stimuli activate receptors on specific sensory neurons called nociceptors, which mediate information transfer via the spinal cord to higher order processing centers resulting in protective behaviors and awareness of pain. Human patients that cannot sense pain die prematurely due to multiple unnoticed injuries. Recently, mutations in the zinc finger epigenetic regulator PRDM12 have been identified in individuals with Congenital Insensitivity to Pain (CIP) that leads to altered nociceptor development, suggesting a role for Prdm12 during sensory neurogenesis. Its exact function and mechanisms of action in nociceptors development remains however unknown. To further study the role of Prdm12 in sensory neurogenesis, we have generated Prdm12 KO mice and are currently characterizing their phenotype. Our first results confirm the importance of Prdm12 for nociceptor development and provide first clues to its mechanism of action. Loss-of-function mutations in PYCR2 cause hypomyelinating leukodystrophy 10 (HLD10) (MIM: 616420) characterized by postnatal degenerative microcephaly, severely delayed psychomotor development, and hypomyelination. Here, we report 3 additional patients with a novel germline homozygous missense G249V, which lies at the PYCR2 dimer interface and lowers its enzymatic activity.
PYCR2 is a mitochondrial enzyme essential for proline synthesis but its function in the brain is not yet understood. We generated Pycr2-/-mice that partly recapitulate the human phenotype by displaying a failure to thrive, reduced lifespan, postnatal neurological defects and hypomyelination. Consistent with this, we show that PYCR2 is broadly expressed in mouse brain tissues and its loss leads to neuronal and oligodendrocytes maturation defects.
To further delineate the function of PYCR2, metabolites related to amino-acid biosynthesis and key neurotransmitters were quantified directly in mouse brain. Unexpectedly, the only difference detected was a robust increase in glycine levels. Intriguing, hyperglycinemia is also a hallmark of glycine encephalopathy, a genetic disorder which causes severe neurological symptoms. Furthermore, we demonstrate in mouse brain and human cells that PYCR2 regulates the level of SHMT2, the mitochondrial enzyme responsible for glycine synthesis.
Our findings reveal that PYCR2 is an enzyme with moonlighting potential, essential to control white matter and neuronal postnatal development and identify the SHMT2 pathway as a potential target to treat neurological disorder due to the loss of PYCR2. Introduction: Propagating waves of activity are seen in many parts of the developing nervous system and are important for the formation and maintenance of connections between neurons. The enteric nervous system (ENS) is a network of interconnecting ganglia located within the wall of the gastrointestinal tract responsible for controlling many aspects of gastrointestinal function, including motility and secretion. All the neurons and glia of the ENS arise from enteric neural crest-derived cells (ENCCs) that migrate into the gut during development. There is abundant evidence that ENCCs act cohesively as a population and therefore must communicate with each other. However, little is known about how ENCCs might communicate. In this study, we examined spontaneous changes in intracellular calcium levels ([Ca Myelin is the lipid rich sheath that surrounds axons and promotes rapid action potential propagation in the vertebrate nervous system. In the central nervous system (CNS), myelin is produced by specialized glial cells called oligodendrocytes. Disruption to the myelin sheath can result in debilitating human conditions such as multiple sclerosis; therefore, understanding glial cell development is critical for the development of therapies to treat myelin diseases. Through a large scale forward genetic screen, I identified a mutant, stl83, that exhibits both axon and myelin defects. Using whole genome sequencing, I determined that the stl83 phenotype results from a missense mutation in the gene actr10, which encodes the protein Arp11. This was confirmed by a complementation cross using a previously identified mutant actr10 allele, nl15. Arp11 is a component of the dynactin complex, which is necessary for retrograde transport by the molecular motor dynein. actr10 mutants have fewer oligodendrocytes and proliferation defects in oligodendrocyte precursor cells. Interestingly, in situ hybridization for myelin basic protein (mbp) mRNA to mark mature glial cells showed that actr10 mutants have drastically reduced mbp expression in the CNS at 5 dpf as well as a striking punctate mbp phenotype. This is
